Introduction
Chronic obstructive pulmonary disease (COPD) is a progressive inflammatory disease characterized by airflow limitation, in which inhaled bronchodilators play an essential part in disease control. 1 Both long-acting muscarinic antagonists (LAMA) and long-acting beta agonists (LABA) are currently regarded as the key medications for patients with COPD. 1 Among inhaled bronchodilators, recently-introduced indacaterol (Onbrez) and glycopyrronium bromide (Seebri) are the preferred choices for COPD treatment because of their powerful bronchodilator effects and a simple once-daily inhalation regimen. 2 Indacaterol is the first once-daily LABA for treatment of COPD, and is administered by the Breezhaler inhalation device. [3] [4] [5] This agent has been called ultra-LABA because it provides both the quick bronchodilation effect similar to short-acting beta agonists, and a 24-hour bronchodilation effect permitting the once-daily administration. The quick bronchodilation effect and once-daily administration can improve patient adherence to medical treatment for COPD. 6 Currently, the recommended dose for
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Horita and Kaneko indacaterol differs among countries: 150-300 μg/d in Europe, 150 μg/d in Japan, and 75 μg/d in the USA. 7 Glycopyrronium bromide is the second once-daily inhaled LAMA after tiotropium bromide (Spiriva). With a daily dose of 50 μg via the Breezhaler, glycopyrronium bromide can provide 24-hour bronchodilation with a rapid onset of action, faster than that of tiotropium. Similar to indacaterol, glycopyrronium bromide also has advantages for patient adherence thanks to its quick and long-lasting bronchodilating effect. The safety profile of glycopyrronium bromide is also similar to that of tiotropium in terms of the incidence of adverse events and muscarinic side effects. [8] [9] [10] Indacaterol and glycopyrronium bromide were firstly approved in Japan in July 2011 and September 2012, respectively, and are now approved in many other countries.
Even though LAMA and LABA have excellent therapeutic profiles, a bronchodilator monotherapy is not always satisfactory for patients with advanced COPD. In that situation, a dual-bronchodilator therapy consisting of LAMA and LABA is believed to be a good option. 1 Given the rationale above, coadministration of indacaterol and glycopyrronium bromide seems promising to treat advanced COPD. 2 In addition to the pharmacological profile, this coadministration permits a patient to use the same Breezhaler device and requires a patient to learn only one inhalation procedure.
Once-daily dual-bronchodilator therapy with combined indacaterol and glycopyrronium bromide in one device (Ultibro), often called QVA149, was first approved in 2013 in Japan and Europe. [11] [12] [13] As of November 2014, more than 40 countries had approved this medication worldwide, though the USA has not approved it. This is the first dual bronchodilator in one device followed by combined umeclidinium and vilanterol (Anoro) inhaled via the Ellipta device.
14 Now, the Breezhaler is the only device that can provide three types of inhaled medication, LAMA, LABA, and combined LAMA + LABA. The choice among the three medications allows a patient to use the same inhalation device even when the regimen is changed from single-bronchodilator therapy to dual-bronchodilator therapy. This user-friendliness is similar to that provided by the Diskus inhaler device and the Turbuhaler inhaler device, which can provide inhaled corticosteroids (ICS), LABA, and combined ICS + LABA in the same device for asthma. 15, 16 Compared with the commonly used indacaterol dose of 150 μg for a single bronchodilator, QVA149 has a lower indacaterol dose of 110 μg. This is because combined medication can provide better delivery to the lung.
Historically, the Japanese government had approved newly-developed medications after a long time lag of about 2 years since the medication has been approved in many other countries. 17, 18 Various explanations have been provided for this. The government weighed checking the safety profile of the new medication in other countries against the merit of delivering the new medication sooner. Medical doctors in Japan hesitated to participate in the bothersome clinical trial partly because it rarely counted toward their promotion. Patients living in Japan generally hesitate to participate in clinical trials. Anyway, indacaterol, glycopyrronium bromide, and the combined medication made from them, were first approved in Japan, which was an epoch-making event for the Japanese health service.
In this review article, we first review the major randomized controlled trials (RCTs) that evaluated QVA149. Then, we discuss how to choose inhaled medication by comparing the Global Initiative for Chronic Obstructive Lung Disease (GOLD) document and the fourth edition of the COPD guidelines of the Japanese Respiratory Society (JRS). We hope this provides useful information for readers even in other countries. The manuscript was written in November 2014. Readers may be able to access updated data on the recent trials after the publication of the current article.
Clinical trials
To our knowledge, the safety and efficacy of QVA149 have been evaluated in 14 RCTs, all of which were sponsored by Novartis Pharma. [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] Of these 14, one was a Phase II study, 13 were Phase III studies, 14 used a standard QVA149 dose, two used nonstandard high QVA149 doses, 11 were part of the IGNITE clinical trial program, nine have already been published, and two have been reported at conferences but have not been published (Table 1) . [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] Most studies compared QVA149 with indacaterol, glycopyrronium bromide, a combination of them, placebo, tiotropium, and salmeterol-fluticasone combination (SFC). According to already published articles, indacaterol, glycopyrronium, a combination of them, placebo, and SFC were always blinded, while tiotropium was often open labeled. Although QVA149 and tiotropium were directly compared in some trials, these comparisons were not evaluated as primary endpoints in most of the studies. The 14 RCTs generally showed good safety profiles, and there were better or not-inferior bronchodilator effects of QVA149 when compared with placebo, or other inhaled medication. Researchers and clinicians are probably most interested in the following two comparisons: QVA149 versus other coadministration of LAMA + LABA, and QVA149 versus QvA149 (Ind/Gly) dose: 300/50
μg.
Studies using a standard QVA149 dose: Ind 110 µg +
Gly 50 µg
Compared with bronchodilator(s) and/or placebo eNLIGHTeN Abbreviations: LAMA, long-acting muscarinic antagonist; LABA, long-acting beta agonist; QvA149, combined indacaterol and glycopyrronium bromide; mod-sev, moderate-to-severe COPD; Ind, indacaterol; Pla, placebo; Gly, glycopyrronium bromide; Fev early studies using nonstandard high QvA149 doses
Before the currently approved dose of QVA149 of indacaterol 110 μg + glycopyrronium 50 μg was determined, some different QVA149 doses were used in two RCTs reported in 2010.
Van de Maele et al 19 reported a result from a randomized, double-blind, placebo-controlled, parallel-group study including 257 moderate-to-severe COPD patients. This only Phase II study adopted five arms: QVA149 in doses of indacaterol 600 μg + glycopyrronium 100 μg, indacaterol 300 μg + glycopyrronium 100 μg, indacaterol 150 μg + glycopyrronium 100 μg, indacaterol 300 μg, and placebo. The primary endpoint was change in 24-hour mean heart rate from baseline versus placebo on day 14. There were no clinically significant differences in the 24-hour heart rate on day 14 among the three doses of QVA149, placebo, and indacaterol. No clinically relevant difference in side effects was observed. 19 In the same month, van Noord et al 20 reported a result from a randomized double-blind, placebo-controlled, fourperiod crossover trial assessing the efficacy and safety of QVA149. This study, with four treatment consequence arms consisting of QVA149 in a dose of indacaterol 300 μg + glycopyrronium 50 μg, indacaterol 300 μg, indacaterol 600 μg, and placebo, was the first study mainly designed to assess the bronchodilatory effect of QVA149. Trough FEV 1 on day 7 was higher in the QVA149 arm than the indacaterol 300 μg, indacaterol 600 μg, and placebo arms. 20 Studies using a standard dose since 2013
Twelve RCTs were conducted using a standard QVA149 dose of indacaterol 110 μg + glycopyrronium 50 μg. These included one non-IGNITE study, QUANTIFY, and 11 RCTs belonging to the IGNITE program.
Comparison with bronchodilator(s) and/or placebo ENLIGHTEN was a 52-week, multicenter, double-blind, parallel-group, placebo-controlled trial to primarily evaluate QVA149 concerning the safety and tolerability for treatmentemergent adverse events. 21 Of 339 moderate-to-severe COPD patients, 226 and 113 were assigned to the QVA149 arm and to the placebo arm, respectively, with the medications delivered via the Breezhaler inhaler. QVA149 was well tolerated over the 52 weeks of treatment, with the overall incidence of adverse events and discontinuation being similar between the two arms. This study secondarily showed that, compared with placebo, QVA149 could provide better improvement in a 60-minute postdose FEV 1 by 300 mL. 21 BRIGHT was a randomized three-period crossover trial using QVA149, placebo, and blinded tiotropium arms. 22 However, tiotropium was not evaluated for the primary endpoint but only for a sensitivity analysis. QVA149 significantly improved exercise endurance time at day 21 compared with placebo, but it did not improved exercise endurance time at day 21 compared with tiotropium. 22 SPARK was a very-large-scale parallel-group RCT including 2,224 patients with severe or very severe COPD who had experienced at least one exacerbation in the previous 12 months requiring treatment with systemic corticosteroids or antibiotics. 23 The patients were randomized to one of three arms: QVA149, glycopyrronium bromide, or open-label tiotropium. The primary objective was to investigate the superiority of QVA149 over glycopyrronium bromide for reducing of moderate-to-severe COPD exacerbation during 64 weeks. QVA149 marginally reduced moderate or severe exacerbation with a risk ratio of 0.88 (95% confidence interval (CI): 0.77-0.99) compared with glycopyrronium bromide, but did not reach statistical significance when compared with tiotropium with a risk ratio of 0.90 (95% CI: 0.79-1.02). 23 SHINE was a very-large-scale 26-week RCT allocating 2,144 patients into five arms: QVA149, indacaterol, glycopyrronium, placebo, or open-label tiotropium. 24 The primary endpoint was trough FEV 1 at week 26 for QVA149 versus indacaterol and versus glycopyrronium. The trough FEV 1 at week 26 was significantly improved in the QVA149 arm compared with both the indacaterol and glycopyrronium arms, with treatment differences of 0.07 and 0.09 L, respectively. QVA149 also provided a significantly higher improvement in trough FEV 1 compared with tiotropium at 26 weeks. 24 BLAZE was a multicenter, blinded, double-dummy, threeperiod crossover study that randomized 247 patients to one of the treatment consequence arms consisting of the following: QVA149, placebo, or blinded tiotropium. 25 The Transition Dyspnea Index total score at 6 weeks was improved in the QVA149 arm compared with placebo (primary endpoint) and compared with tiotropium (secondary endpoint). 
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QvA149 in Japan: review ARISE was a nonblinded parallel-group RCT to assess the efficacy and safety profile of the medication, which randomly assigned 121 and 39 subjects to the QVA149 and tiotropium arms, respectively. 26 As expected, QVA149 was associated with better FEV 1 . However, QVA149 was associated with a tendency to cause more severe adverse events (16% [19/119] in the QVA149 arm, 5.1% [2/39] in the tiotropium arm; P for Fisher's exact test 0.05) and more adverse events requiring medication withdrawal (9.2% [11/119] in QVA149 arm, 0% [0/39] in the tiotropium arm; P for Fisher's exact test 0.05). This large difference concerning adverse events was not observed in other RCTs. Novartis Pharma explained that the observed difference of adverse effect rates in the two arms was due to the difference that remained after randomization. 33 We hope that the ongoing large-scale RADIATE trial focusing on overall serious adverse events will remove the concerns about the safety profile. 27 RADIATE is a double blind, parallel-group RCT with 1,224 COPD patients to evaluate the overall serious adverse event rate over 52 weeks. 27 This consists of QVA149, tiotropium, and placebo arms. The estimated study completion date is January 2015. 27 Comparison with SFC SFC is one of the most widely prescribed combined inhaled medications for COPD. While SFC was approved for a middle (500 μg/d) dose of fluticasone in Japan and the USA, SFC was also approved with a high (1,000 μg/d) dose of fluticasone in the EU. We will review three trials that used SFC with a high dose of fluticasone.
ILLUMINATE was a multicenter double-blind, doubledummy, parallel-group RCT with 523 moderate-to-severe COPD patients. 28 This study revealed, as a primary endpoint, that at 26 weeks, the FEV 1 area under the curve (0-12 h) was significantly higher with QVA149 than with SFC. The study also showed that the overall incidence of adverse events and the incidence of serious adverse events were not different between the two arms. 28 LANTERN is a double-blind, double-dummy, parallelgroup RCT with 744 patients with moderate-to-severe COPD to evaluate the noninferiority of QVA149 to SFC for postdose trough FEV 1 at 26 weeks. 29 In addition to noninferiority, QVA149 demonstrated significant superiority over SFC for trough FEV 1 . This result has not been published as of November 2014. 29 FLAME included the largest accrual of patients of 3,332 among 11 trials under the IGNITE program. 30 This double-blind, parallel-group RCT is still ongoing, and the estimated study completion date is September 2015. This study will report the rate of COPD exacerbation over 52 weeks of treatment.
30
Comparison with coadministration of LAMA + LABA BEACON was a multicenter, double-blind, parallel-group RCT with 193 patients with moderate-to-severe COPD. 31 This study directly compares QVA149 in a dose of indacaterol 110 μg + glycopyrronium 50 μg with coadministration of glycopyrronium bromide 150 μg + indacaterol 50 μg. The primary endpoint was to evaluate the noninferiority of QVA149 for trough FEV 1 after 4 weeks of treatment. It was 1.46±0.02 L for QVA149 and 1.46±0.18 L for the coadministration, which showed no significant difference. Both groups showed similar FEV 1 area under the curve 0-4 hour at day 1 and week 4, reduction in symptom score, use of rescue medication within 4 weeks, and rate of adverse events.
31
QUANTIFY was a double-blind, double-dummy RCT to compare QVA149 and coadministration of tiotropium and formoterol. 32 The combination of tiotropium and formoterol is the desirable counterpart because of its repeatedly proved efficacy and safety. Of special significance is that tiotropium is a medication that was regarded as the only first-line medication to treat COPD for a decade. 1, 34 The primary objective was to confirm noninferiority in quality of life evaluated with SGRQ for COPD patients at 26 weeks, and this objective was achieved. Secondary endpoints additionally revealed some novel findings. The percentage of patients achieving 1 point improvement in the Transition Dyspnea Index was higher with the QVA149 arm (49.6%) than with the tiotropium and formoterol arms (42.4%, P=0.033). Even though it did not reach statistical significance, QVA149 was associated with favorable results concerning SGRQ for COPD patients, Transition Dyspnea Index, and rate of moderate/severe exacerbations. The incidence of adverse events was comparable between the two treatment arms. 32, 35 Choice of the combined inhaled medication: bronchodilators or ICS According to the GOLD guidelines and the JRS fourth edition of the COPD guidelines, LAMA, LABA, and ICS, which are administered via an inhaler device, are key medications for COPD treatment. 
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Horita and Kaneko severe airflow limitation, 2 exacerbations per year, and/or 1 with hospitalization for exacerbation. 1 On the other hand, JRS guidelines lay less emphasis on the use of ICS. Two figures are illustrated in the JRS guidelines. 36 The first one is an algorithm (Figure 1 ). This algorithm generally recommends LAMA + LABA prior to ICS. The other is a stepwise approach, which permits prescribing ICS only after LAMA and LABA have been prescribed (Figure 2) .
The most important favorable effect of ICS for COPD is to decrease the rate of exacerbation. 1, 37 Nonetheless, since the beginning, COPD patients in Japan have had fewer exacerbations than those in other countries; 38 thus, Japanese Abbreviations: LAMA, long-acting muscarinic antagonist; LABA, long-acting beta agonist; ICS, inhaled corticosteroids; COPD, chronic obstructive pulmonary disease. 
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QvA149 in Japan: review patients have a lesser chance of benefitting from a decreasing rate of exacerbation. This may partly explain why the JRS guidelines suggested the ICS only after dual-bronchodilator therapy (Figures 1 and 2) . 36 COPD and bronchial asthma are two typical respiratory diseases presenting obstructive airway disorder, and it is often difficult to tell them apart. 39 If a physician cannot confidently differentiate COPD and asthma, one attractive treatment option is covering both COPD and asthma by prescribing bronchodilators and ICS.
Thanks to the very high prevalence of CT scans, 40 physicians in Japan have the advantage of differentiating emphysema and bronchial asthma. Therefore, to treat confidently diagnosed emphysema cases in Japan, a physician usually need not cover bronchial asthma using ICS. This factor also resulted in a low ICS prescription rate in Japan. 41, 42 As shown in the Clinical Trial section, QVA149 provides safe, quick, and long-lasting bronchodilation. In addition, the Breezhaler is the only device that can provide LAMA, 
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Horita and Kaneko LABA, and combined LAMA + LABA. Given these advantages of QVA149 and the JRS guidelines that preferred bronchodilators over ICS, QVA149 can play a central role in COPD treatments in Japan.
We understand that ICS has been more frequently prescribed in other countries. A high utilization rate of ICS in the last decade was revealed in some RCTs: 43 46 and 61% in Understanding Potential Long-term Impacts on Function with Tiotropium. 34 Similarly, a market research study estimated that ICS were used by 70% of patients with COPD in the USA and EU. 43 Some felt that the current prescription rate of ICS for COPD patients is more than necessary. 43, 47 We performed a meta-analysis from the data of ILLUMI-NATE and LANTERN, which directly compared QVA149 and SFC (Figure 3) . 28, 29 This shows that COPD patients treated by QVA149 had larger trough FEV 1 by 86 mL (95% CI: 62-111 mL. I 2 =21%), less adverse events with an odds ratio of 0.77 (95% CI: 0.62-0.97. I 2 =0%), less exacerbation with an odds ratio of 0.70 (95% CI: 0.54-0.90. I 2 =0%), and less pneumonia with an odds ratio of 0.24 (95% CI: 0.07-0.77. I 2 =0%). GOLD guidelines recommend LAMA + ICS or LABA + ICS as the first-choice treatment for Groups C and D cases, ie, exacerbation high-risk cases. 1 This recommendation is based mainly on the observation that fluticasone propionate decreased exacerbation. 1, 37 However, our meta-analysis indicated that QVA149 was related to less exacerbation than SFC. We believe QVA149 is a better option for COPD treatment even after considering the rate of exacerbation.
Health care system in Japan
The Japanese government provides universal health coverage, which allows all residents in Japan to access preventive and curative services at an affordable cost. 48 Patients have the right to choose any physicians or facilities they wish, without any restriction by insurance systems. Medical fees are strictly regulated by the government all over the country. Depending on the patient's age and family income, a patient is responsible for paying 0%-30% of total medical fees, and the government pays the remaining cost. 48 Japanese residents like to visit hospitals for relatively minor problems and often seek very intensive examination and treatment. Most patients are very satisfied with this lowcost free-access medical system. This medical system also indirectly makes a clinical trial in Japan difficult. Although, in many countries, participating in a clinical trial provides a good chance for free access to the latest medical care for a patient who does not have medical insurance, a patient in Japan need not seek free medical care as all Japanese citizens already have the right to low-cost or nearly-free medical care. [48] [49] [50] [51] Now, Japan is the world's fastest aging society, and Japanese have the longest life expectancy in the world. However, Japan spent only 8.5% of the nation's gross domestic product, or US$2,873 per capita, on health. This amount was less than the average of 9.6% across the Organization for Economic Co-operation and Development countries, and about half as much as that in the United States. The Japanese health care system can be a good example for other countries.
Conclusion
QVA149 is a powerful, quick, long-acting combined bronchodilator with a good safety profile. According to the JRS guidelines, QVA149 is a combination of the two first-line bronchodilators (Figures 1 and 2) . 42 It is a great advantage of the Breezhaler device covering the two first-line medications, LAMA and LABA, and a combination of the two medications. Furthermore, our meta-analysis indicated that QVA149 is superior to SFC in treating COPD as regards frequency of adverse effects, exacerbation, pneumonia, and improvement of trough FEV 1 . Thus, we believe that QVA149 can be a key medication for COPD treatment.
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